A B S T R A C T Purine-nucleoside phosphorylase (NP) deficiency is associated with severely defective thymus-derived (T)-cell and normally functioning bone marrow-derived (B)-cell immunity. In this stuLdy, two unrelated families with a total of three NP deficient members were investigated.
A B S T R A C T Purine-nucleoside phosphorylase (NP) deficiency is associated with severely defective thymus-derived (T)-cell and normally functioning bone marrow-derived (B)-cell immunity. In this stuLdy, two unrelated families with a total of three NP deficient members were investigated.
High pressure liquid chromatography of the plasma of the three patients showed inosine levels greater than 66,M. This nucleoside was absent from the plasma of their parents and control samples.
NP was purified from normal human erythrocytes by affinity chromatography and an antiserum prepared in rabbits was used to study the NP variants in the two families.
In family M the patient had no detectable erythrocyte NP activity and no detectable immunologicalreacting material (irm) to the NP antibody. The parents, who are second cousins, had less than onehalf of normal enzyme activity and approximately 14% irm attributable to a variant protein. Their electrophoretic patterns revealed a series of isozymes with slower than normal migration.
In family B the patients had 0.5% residual enzyme activity and about one-half normal irm. Their electrophoretic pattern showed faintly staining bands which migrated faster than normal NP. The mother of the patients had one-half normal enzyme activity, 11% irm attributable to her variant protein, and a normal electrophoretic pattern. The father had less than one-half normal enzyme activity, equal amounts of normal and variant irm, and an electrophoretic pattern that showed in-INTRODUCTION Purine-nucleoside phosphorylase (NP)l (EC 2.4.2.1.) catalyzes the reversible conversion of inosine, guanosine, and xanthosine to their respective free bases plus ribose-l-phosphate (1) . The human enzyme appears to be controlled by a single structural gene locus on chromosome no. 14(2), and is a trimer of mol wt 84,000 (3, 4) . Since genetic variation is rare, the three subunits are usually identical (5) .
During the past 3 yr, four families have been fouind in which one or more members have an inherited deficiency of NP associated with severely defective thymus-derived (T)-cell immunity but normal bone marrow-derived (B)-cell immunity (6) (7) (8) . Specimens from two of tiese families were available for sttudy in our laboratories. In family M, the 6-yr-old proband had no detectable NP activity in her blood cells; some clinical and metabolic studies have been reported (6, 9) . In family B, the erythrocytes of the two affected male siblings (aged 9 and 11 yr) had about 0.5% of the normal NP activity, and their abnormal electrophoretic pattern could be demonstrated.2 In both families, the hetero-I Abbreviations used in this paper: ADA, adenosine deaminase; EU, enzyme unit; NP, purine-nucleoside phosphorylase. 2 To be published.
The Journal of Clinical Investigation Volume 60 September 1977 741 -746 741 zygous parents had half or less of the normal erythrocyte level, but the electrophoretic patterns differed. Because these findings suggested genetic heterogeneity differentiating the NP deficient states in the two families, the studies described in this paper were undertaken.
METHODS
Blood specimens were obtained from the M family in California and the B family in Toronto, Ontario. In the M family, the parents are second cousins, but no consanguinity is apparent in the B family. Venous blood collected in acid citrate dextrose solution was sent to Seattle, Wash., arriving in good condition within 48 h. Hemolysates were prepared from washed erythrocytes (10) and the starch gel electrophoresis performed by the method of Edwards et al. (5) . Hemoglobin was determined as cyanmethemoglobin (11) .
NP assay. NP was assayed by the spectrophotometric method of Kalckar, monitoring uric acid formation at 293 nm and 37°C (12) . A second assay system using radioisotopes was also used (13) . In this method the radioactivity in hypoxanthine formed from [8-14C] inosine was used to calculate NP activity. One enzyme unit (EU) was defined as the formation of 1 umol uric acid/min at 37°C.
NP purification. NP was purified from hemolysates using biospecific affinity chromatography that involved the coupling of a competitive inhibitor, 6-hydroxy-9-p-aminobenzylpurine, to agarose.3 Stroma and hemoglobin were removed from hemolysates as described previously (14) , and the resulting hemoglobin free solution passed through a column of affinity gel. After elution of nonspecifically-bound protein, the NP was eluted with a phosphate/inosine solution. The purified enzyme had a specific activity of 120 EU/mg protein at 37°C and after polyacrylamide gel electrophoresis a single band staining for both protein and activity was obtained. This value for specific activity is in agreement with that of a previous purification using conventional column chromatography (3).
Immunological methods. Purified enzyme was used to produce antibodies in rabbits by two footpad and one intravenous injection spaced 1 wk apart. A 2 mg/ml enzyme solution was mixed with an equal volume of Freund's complete adjuvant, and 1 ml of this mixture was given per injection. The anti-NP immunoglobulins were isolated from the antisera by the method of Harboe and Ingild (15) . Ouchterlony immunodiffusion tests were carried out in 0.75% ionagar; 0.1% NaN3 at 4°C on 3 x 1-inch microscope slides, using 2 ml gel/ slide. Immunoelectrophoresis was performed in 1% agarose in a buffer of pH 8.7 containing 56 mM 5,5' diethylbarbituric acid, 31 mM Na 5,5' diethylbarbiturate, 90 mM glycine, 45 mM Tris, on 3 x 1-inch microscope slides using 2 ml of gel/slide. The electrode buffer was twice the concentration of the gel buffer, and electrophoresis was at 4°C for about 90 min with a voltage of 5 V/cm, as measured across the gel. After electrophoresis 1-mm channels were cut lengthwise in the gel to receive immunoglobulin. Rocket immunoelectrophoresis (16) was carried out using the agarose gel and buffer conditions described for immunoelectrophoresis. Glass plates 10 x 10 cm were coated with 15 ml agarose gel containing 10 ,ul purified immunoglobulin solution. A voltage of 2 V/cm was applied across the gel, and 5,ul samples were added to 2.5-mm diameter wells. After 20-30 h electrophoresis at 4°C rocket precipitation outlines were visible in the direction of the anode. The gels were pressed, washed, dried, and stained (17) , and the peak heights recorded in millimeters. 3Affinity method to be published. Starch gel electrophoresis. A representation of the results from starch gel electrophoresis is shown in Fig.  1 . In family M the parents, in comparison with a normal control, exhibit slower moving isozyme bands in their migration patterns. The erythrocytes of their daughter L.M. show no electrophoretic pattern.
Family B shows three different migration patterns. The mother's pattern is similar to a normal control but of reduced activity. The father also has a pattern of reduced activity, but with a predominance of higher activity isozymes migrating towards the anode, whereas the normal pattern displays higher activity isozymes towards the cathode. Their sons' patterns are identical, having a reduced number of isozyme components that are of increased mobility and reduced activity.
Immunodiffusion and immunoelectrophoresis. Fig. 2 shows the reaction in free solution of the purified rabbit immunoglobulin with pure NP. The slope was calculated by standard linear regression analysis and a correlation coefficient of -0.995 was obtained. This plot shows that 1 ml of purified antibody solution neutralizes 115 EU of NP activity. The purified immunoglobulin used was obtained from the pooled antisera from three rabbits. This plot, and similar ones obtained with hemolysates and unpurified rabbit antisera, indicate specific antibody production. This specificity was also shown by immunoelectrophoresis, where a single precipitation arc was obtained with both pure NP and a hemolysate. Also, the eluate collected after passage of hemoglobin-free hemolysate through the affinity column to remove NP gave no reaction when tested by Ouchterlony diffusion or immunoelectrophoresis even after 20-fold concentration by pressure dialysis. Fig. 3 shows an Ouchterlony diffusion gel incorporating the hemolysates of patients L.M., D.B. and M.B., their mothers, normal controls, and pure NP. The division into two hemolysate concentrations was necessary because preparations from patient L.M. and her mother were only available at the lower concentration. Patient L.M. displayed no cross-reacting protein, whereas pa- Fig. 4 shows the results of rocket immunoelectrophoresis as a plot of peak height against enzyme activity. The limit of quantitation by this method is about 3% of normal immunological-reacting material. The regression analysis of peak height on activity for the 24 Fig. 1, and N is the normal control. The hemolysate samples on the left are at concentrations of about 10 g Hb/100 ml; those on the right at about 5 g Hb/100 ml, and the purified NP sample is 49 ,g/ml.
control samples gave a slope of 0.6500±0.0088 (standard error ofthe slope). The NP activity values ofthe four parents were used in the regression equation to give peak heights equivalent to their normal (i.e. active) gene product. These values when compared to the observed migration distances, which represent normal plus variant NP protein, enable the amount of variant to be calculated. These values are shown in Table II, The interpretation of erythrocyte NP starch gels is somewhat complicated by the secondary isozymes produced during erythrocyte development (19) . The normal homozygous trimer should give a single band, and the heterozygote a four-banded pattern, and not the array of bands observed. The most reasonable cauise of this multiplicity of bands is the process of deamidation, as shown, for example, by erythrocyte carbonic anhydrase I (20) .
The high level of inosine found in the plasma of the three patients is not unexpected, and would be predicted from a deficiency of NP preventing the conversion of inosine to hypoxanthine. It has been postuLlated that this buildup of inosine causes product inhibition of adenosine deaminase (ADA) (EC 3.5.4.4), the enzyme preceding NP in the reutilization of purines (21) .
According to this posttulate the NP deficiency generates a loss of ADA activity and predicts therefore, that a similar mechanism is responsible for the immune incompetence associated with both NP and ADA deficiency. However, this is probably not the mechanism of immune incompetence in NP deficiency because htuman erythrocyte ADA does not show any definable product inhibition (22) .
It can also be shown that inosine concentrations as high as 2 mM do not have any effect on in vitro lymphocyte stimulation as measuired by 3H-thymidine incorporation. 4 Finally, the two enzyme deficiencies cause classifiably different clinical immune dysfunctions (23) . B-cell deficiency, which almost always develops along with the T-cell defect in ADA-deficient children, has not been found in those patients who lack NP.
The two families described in this paper are different in the molecular structure of their deficient enzyme, and in family B in which the parents are unrelated, each has a different mutation. The patients deficient in NP activity have severely impaired T-cell fuinction, and in spite of our knowledge of the enzyme defect we still do not uinderstand the basic mechanism that produces this immtune deficiency.
